INTRODUCTION
============

As well known, surgical site infection (SSI) following spine surgery is devastating with significant increase in hospital stay, health care costs and morbidities[@B3][@B9]. Though incidence is reported to be ranging from 1.9%-13%, these days, SSIs are the most frequent hospital-acquired infection outweighing urinary catheter infections, ventilator acquired pneumonias, central line-related infections, and Clostridium difficile infections[@B2][@B8][@B15][@B16][@B19][@B21]. Most of these SSIs require additional surgical treatments for exploration, sampling and debridement.

In spine surgery, operative wound infections are known to be caused by gram-positive organisms, primarily *Staphylococcus aureus* and *Staphylococcus epidermidis*[@B10][@B20]. Correspondingly, usage of broad spectrum antimicrobial drugs such as cefazolin has been a routine practice to prevent SSI for several decades[@B13][@B27]. Lamentably, the proportion of infections caused by methicillin-resistant staphylococci has been rising, thus decreasing the efficacy of cephalosporins for preventing SSIs[@B26].

Both patient-related and operation-related risk factors contribute to the development of SSIs. Patient-related risk factors include obesity, diabetes and an immunocompromised state, while operation-related factors consist of multilevel surgery, use of instrumentation, revision surgery, and large intraoperative blood loss[@B4][@B17][@B18].

Recently, direct use of intrawound vancomycin powder has shown to decrease SSI rates[@B14][@B16][@B25]. The aim of present study is to assess incidence, risk factors and outcome of SSIs between patients with or without local intrawound vancomycin powder at the surgical site, in addition to standard intravenous prophylaxis. And also, to evaluate risk factors for SSI in setting of local vancomycin instillation.

MATERIALS AND METHODS
=====================

1. Patients and Study Design
----------------------------

All operative procedures were performed by 2 senior surgeons (KHB and HJC) in a single center. From February 2012 to December 2013, consecutive 571 patients undergoing posterior lumbar surgery at Hanyang University Medical Center were enrolled in the present study. Patients were selected according to following inclusion and exclusion criteria. We reviewed the medical charts and radiographic materials of the above patients, retrospectively.

Patients were divided into 2 groups according to the date of operation. Prior to February of 2013, all patients undergoing posterior lumbar surgery received standard prophylactic intravenous antibiotics only. Beginning in February of 2013, all patients undergoing posterior lumbar surgery received between 1 g of vancomycin powder applied directly to the wound just prior to closure, in addition to standard prophylactic intravenous antibiotics.

2. Exclusion Criteria
---------------------

Following patients were excluded from this analysis: (1) previous history of infections at the surgical site; (2) biopsy procedure; (3) patients with a postoperative follow-up time of less than 12 weeks; (4) patients allergic to vancomycin; (5) patients undergoing minimal invasive spine surgery; (6) surgery due to trauma related lesions.

3. Variables and Data Sources
-----------------------------

Following selection of patients, their data were collected including patients\' status, operative characteristics and demographic factors.

Patients\' status included mean American Society of Anesthesiologists (ASA) grade and hospitalized days until discharge or SSI development. Operative characteristics included presence of previous surgery, postoperative diagnosis, hemovac drain usage, operative time, number of levels instrumented, whether decompressed or not and estimated blood loss (mL). Demographic factors assessed patient\'s sex, age, adult body mass index (BMI) and medical comorbidities (hypertension, diabetes mellitus, history of respiratory and cardiovascular disease, and smoking habit).

Other measures including number of neurosurgical residents involved in the surgery and method of hair removal (whether clipper or razor usage) were indifferent between 2 groups. Massive surgical site irrigation with normal saline and double glove technique were routinely used in all operative procedures

4. Protocols
------------

Standard prophylactic intravenous antibiotics for spinal surgery included 2 g of cefotetan given intravenously within one hour prior to incision and with repeat dosing every 4 hours during surgery. Postoperatively, patients were given 2 g of cefotetan intravenously every 12 hours for 5 days.

We defined an SSI as an infection occurring within 12 weeks following the operation, requiring an additional operation (i.e., an irrigation and debridement) and having positive wound cultures. Infections were further subdivided into superficial (occurring above the lumbosacral fascia) or deep (beneath the lumbosacral fascia) based on the wound culture reports and operative reports.

5. Statistical Analysis
-----------------------

Variables suitable for nominal scale were converted into categorical variables by dichotomization. The chi-square, Fisher exact test were used when appropriate for group comparisons. Categorized data (gender, age, obesity \[adult BMI above 25 kg/m2\], hypertension, diabetes mellitus, smoking, history of respiratory diseases and cardiovascular diseases, estimated blood loss over 1,000mL, whether decompression was done or not, history of previous surgery, usage of hemovac) were analyzed using Fisher exact and/or chi-square tests. ASA score, length of hospital stay, operative time and number of level instrumented were analyzed using independent t-test. Univariate analysis was performed to determine associations between the SSI and potential covariates. Covariates with a p-value of \<0.05 were entered into a binary logistic regression. We considered a p-value of \<0.05 to be significant for all analyses.

RESULTS
=======

1. Patient Characteristics
--------------------------

Since February 2012 to December 2013, total 693 consecutive posterior lumbar surgeries have been performed. Among them, 122 patients were excluded due to trauma-related lesions (n=96), loss of follow-up within 12 weeks (n=17), biopsy procedure (n=3), allergic to vancomycin (n=2), and history of infection (n=4).

The patient group who underwent surgery from February 2013 to December 2013 and received intrawound vancomycin powder in addition to the standard antimicrobial prophylaxis was defined as Vanco group (n=275). The other group who had surgery from February 2012 to December 2012 and did not receive intrawound vancomycin powder was named as non-Vanco group (n=296). Demographic factors of patients did not show significant difference between 2 groups except mean ASA grade (p\<0.05). Operative data also were unable to show statistical significant difference between the 2 groups. The summaries of demographic and operative data are presented in [Tables 1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}, respectively.

2. Incidence of SSIs
--------------------

Among 571 patients, the overall incidence of SSIs was 8.1% (46 of 571). Total staphylococcal infection was present in 33 patients (5.8%) with deep methicillin-resistant *Staphylococcus aureus*(MRSA) infection in 6 patients and deep staphylococcal infection in 10 patients. N onstaphylococcal infection was found in 11 patients (1.9%). In Vanco group, staphylococcal infection was present in 11 patients with deep MRSA infection in 1 case. Nonstaphylococcal infection was observed in 4 patients. In total, 15 patients presented with SSIs in Vanco group. On the other hand, in non-Vanco group, acute SSIs developed in total of 29 patients, 8 of which were staphylococcal infection. Deep MRSA infection was confirmed in 5 patients and nonstaphylococcal infection was found in 7 patients. When 2 groups are compared using chi-square or Fisher exact test, total infection rate and total staphylococcal infection rate showed statistically significant difference (p=0.028 and p=0.041, respectively). The infection rates and statistical analysis are shown in [Table 3](#T3){ref-type="table"}.

3. Outcome
----------

After surgery, perioperative complications regarding neuritis, cerebrospinal fluid leakage, pseudoarthrosis rate, implant failure, return to the operating room did not show significant difference between the 2 groups. Meanwhile, common adverse effect of vancomycin powder such as hypotension and renal toxicity was not observed in Vanco group.

4. Risk Factors
---------------

In the univariate analysis of potential risk factors for acute SSIs among Vanco group, statistically significant risk factors were obesity (odds ratio \[OR\], 3.714; 95% confidence interval \[CI\], 1.232-11.196), diabetes mellitus (OR, 4.958; 95% CI, 1.701-14.455), history of cardiovascular disease (OR, 3.429; 95% CI, 1.197-9.822), length of hospital stay (OR, 1.296; 95% CI, 1.176-1.429), loss of blood during surgery over 1,000mL (OR, 4.500; 95% CI, 1.490-13.591), number of instrumented levels (OR, 3.587; 95% CI, 2.206-5.833) and history of previous surgery (OR, 7.455; 95% CI, 2.447-22.711).

In the multivariate analysis using binary logistic regression model, diabetes mellitus (OR, 18.787; 95% CI, 2.254-156.632), history of cardiovascular disease (OR, 10.700; 95% CI, 1.416-80.850), length of hospital stay (OR, 1.449; 95% CI, 1.122-1.870), number of instrumented levels (OR, 2.521; 95% CI, 1.100-5.775) and history of previous surgery (OR, 7.156; 95% CI, 1.040-49.257) were statistically significant risk factors increasing the risk of acute SSIs. Detailed univariate and multivariate statistical analysis are presented in [Tables 4](#T4){ref-type="table"} and [5](#T5){ref-type="table"}, respectively.

DISCUSSION
==========

1. Incidence of SSIs
--------------------

Our study was designed to clarify incidence, risk factors and outcome of SSIs between intrawound vancomycin applied group and nonvancomycin group. Our incidence of overall SSIs was 7.7%(44 of 571): Vanco group 5.5%(15 of 275) and non-Vanco group 9.8%(29 of 296). Though addition of superficial infection to analysis might have influenced infection rate of our study higher than others, this rate is in line with other reports which reported incidence of SSIs between 2.8% and 10% after instrumented thoracolumbar spine fusion without use of topical vancomycin powder[@B1][@B6][@B12][@B19][@B24].

When limiting the result to the deep infection rate, study done by Scoliosis Research Society Morbidity and Mortality Committee reported deep infection rate of 1.3% among 108,419 surgical cases though adjunctive measures for infection prophylaxis were not considered[@B23]. Molinari et al.[@B14] reported deep wound infection rate of 1.2% for instrumented spinal surgery and 0.82% for uninstrumented surgeries. One of most meaningful studies done by Sweet et al.[@B25] have shown deep infection rate of 2.6% among non-Vanco group compared to 0.2% in Vanco group though result is limited to posterior instrumented thoracic and lumbar spinal arthrodesis. As in other studies, our study demonstrated statistically significant decrement in postoperative deep infection rates with application of intrawound vancomycin powder.

2. Mechanism of Intrawound Vancomycin Powder
--------------------------------------------

One of the important causes for postoperative spinal infection is intraoperative contamination of wounds[@B11]. Hence, antibiotics and surgical wound irrigation have been a routine perioperative measures throughout various hospitals. In addition, to reduce SSI, various techniques including topical wound antibiotic instillation, closed wound suction drainage, shaving, silver dressings and wound irrigation with 0.35% povidoneiodine solution have been tested. None have proved superior to others except the use of betadine solution which showed some moderate evidence in preventing SSI[@B22].

Lately, the efficacy of prophylactic intraoperative instillation of vancomycin is becoming a matter of interest for many clinicians undergoing spinal surgery due to emerging spinal infection. Vancomycin has been selected as prophylactic topical antibiotic of choice due to its cost-effectiveness, easy-to-use powdered form, and its effective broad coverage against organisms such as MRSA.

Sweet et al.[@B25] have demonstrated that intrawound vancomycin powder is not readily absorbed into the systemic circulation, but rather stays in the wound and acts locally to prevent infection. Also, Gans et al.[@B5] reported systemic level of vancomycin lower than 2.0 µg/mL in 49 out of 50 patients which is lower than level required to cause systemic toxicitiy. This may be largely due to large molecular size of vancomycin, thus interrupting vancomycin from absorbed systematically[@B7]. Zebala et al.[@B28] conducted *in vivo* rabbit study by comparing vancomycin and control group which injected *S. aureus* into the wound after surgery and concluded that intrawound vancomycin concentration was high enough to defeat known staphylococcal infection.

Our study supports conclusions of above mentioned studies because reduction of SSI was effectively achieved and no side effect due to vancomycin was observed.

3. Risk Factors for SSIs
------------------------

Risk factors for SSI in spine surgery have long been a matter of interest and can be divided into patient factors and surgical factors[@B4][@B5][@B7][@B12][@B17][@B24]. Patient risk factors include advanced patient age, obesity, diabetes, urinary incontinence, smoking, and malnutrition. Surgical risk factors are composed of revision surgery, increased surgical blood loss, prolonged surgical time, use of instrumentation, and multilevel posterior fusions.

In our study, risk factors associated with development of SSI were diabetes mellitus, hypertension, history of previous surgery, length of hospital stay, and level of instrumentation. In context of patient factors, diabetes, hypertension, history of previous surgery, and length of hospital stay were statistically significant factors. Surgical factor was number of level instrumented.

4. Limitations
--------------

Our study has a limitation in that it is retrospectively designed. Lack of measurement in blood/wound vancomycin level could be weakness of our study. Also, deep MRSA and deep staphylococcal infection rates failed to show statistically significant reduction between the Vanco and non-Vanco groups. This may well be explained by small sample size. Thus, further investigation on larger group study should be conducted to confirm the actual difference between the 2 groups.

CONCLUSION
==========

In this series of 571 patients, intrawound vancomycin powder usage resulted in significant decrease in SSI rates in our posterior lumbar surgical procedures. Presence of diabetes mellitus, cardiovascular disease, and longer hospital stay were statistically significant risk factors associated with SSI. Patients at high risk of infection are highly recommended as a candidate for this technique.
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Values are presented as mean±standard deviation unless otherwise indicated.

BMI, body mass index; ASA, American Society of Anesthesiologists.
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SD, standard deviation.
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Vanco, vancomycin; MRSA, Methicillin-resistant *Staphylococcus aureus*.
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###### Univariate statistical analysis of potential risk factors
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OR, odds ratio; CI, confidence interval; ASA, American Society of Anesthesiologists.

###### Multivariate statistical analysis of potential risk factors
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OR, odds ratio; CI, confidence interval.
